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The lion's share of foreign exchange is earned by exporting
only one or two primary commodities in a group of countries with
small and open economies. While some of them find structural
adjustment to an appreciating real exchange rate - brought
about by the exploitation of newly-found natural resources or
2
by a secular commodity price hike - painful, the "commodity
*
This paper reports research undertaken in the "Sonderfor-
schungsbereich 86" (Hamburg-Kiel) "Teilprojekt 3" with
financial support provided by the "Deutsche Forschungsge-
meinschaft". Thanks are due to Hermann Dick and David
Vincent.
1) By 1980 a single commodity accounted for at least 40 per cent
of total export earnings in 60 member countries of the Inter-
national Monetary Fund, the commodity being crude petroleum,
another mining product or an agricultural product in 22, 15,
and.2 3 countries respectively. In all but two of the report-
ing countries gross domestic product was smaller than in
Switzerland, in all but one of the non-oil exporting coun-
tries even smaller than in Finland. The ratio of imports to
gross domestic product v/as higher than .20 in all but eight
of the 48 reporting countries.
International Monetary Fund 1982. World Bank 1982.
2) The term commodity is used as short-hand expression for pri-
mary commodities. Natural resources are defined as essential
and specific factors in the production of commodities. Sec-
tors making use of either exhaustible or inexhaustible natu-
ral resources are called mining and .agricultural sectors re-
spectively.- > •. • .. ..- 2 -
problem" of old non-oil exporting countries within the group
is rather related to instability of world commodity prices
and uncertainty about future price trends. Unless caused
by supply shifts of the country in question, fluctuating world
commodity prices get transmitted into.fluctuating export ear-
nings. These are a major potential source for macroeconomic dis-
turbances in the open economy.;
To some extent the market narrows down swings in export
earnings by encouraging private adjustment to uncertainty. Only
ex-post.can a commodity price change be identified as either a
deviation from some projected price trend or a trend shift. Thus
there is an incentive for investors to diversify their portfolio
and for suppliers to enter future contracts. The variance in ex-
pected returns is reduced this way and risk is shifted to less
risk averse international speculators. A problem will.arise, if
society considers as inacceptable disturbances - domestic price
level changes or employment variations - caused by remaining
earnings fluctuations. There will then be excess demand for sta-
bility as an economic good. Stabilization, however, is not free
of cost.
Security might be among the goods foregone. As will be
shown, diversifying investments becomes less rewarding under a
3) Adams and Behrman condense the available information into a
few useful indicators. While the fluctuation index for the
unit values of manufactured goods increased from 0.034 3 in
the 1950-69 period to 0.0538 in the 1969-79 period, the in-
dex for all primary commodities as a group increased from
0.04 79 to 0.1764 between the two periods. The secular real
price trend has been negative in the 1950-69 period for all
major commodity groups except non-ferrous base metals, but
has been positive in the following decade, again with the
exception of non-ferrous base metals. The World Bank projects
positive real trends up to 1990 for all groups but beverages.
These projections, however, are contingent on a multitude of
unforeseeable developments. Adams, F.G. and J.R. Behrman
19 82, p. 10. World Bank 1980, p. 12.- 3 -
regime of fixed exchange rates, in particular when foreign ex-
change reserves or an international compensatory facility are
used for financing contra-cyclical policies. As specialization
in commodity production increases, the economy is left more vul-
nerable should a world commodity price decline turn out as per-
manent. The market, in effect, provides for less security when
a specific stabilization policy transfers risk from private eco-
nomic units to government. In order to regain the good, the au-
thorities might substitute a policy of export diversification -
for example taxing commodity exports and subsidizing exports of
other goods - for the market solution. The costs of such supple-
mentary measures should then be added to the other costs of the
specific stabilization strategy. Export diversification may,
however, also be welfare-increasing for reasons other than com-
modity price uncertainty - serving as first, second or third-
best solution to some market imperfection or policy-imposed dis-
tortion. The commodity problem would then appear in another
light as the severity of earnings fluctuations would be partly
due to suboptimal specialization. Removing or compensating for
the distortion causing it,excess demand for stability or costs of
stabilization policies would also be reduced. If there is a case
for export diversification irrespective of the commodity pro-
blem, the policy should be applied in any case.
The costs and benefits of export diversification in an old
non-oil commodity exporting country are the subject matter of
the following analysis. In chapter 2 the causal nexus from com-
modity price fluctuations to domestic disturbances is developed
from well-established macro- and microeconomic theory-. As both
structural change and multiple distortions are central to the
argument, the analysis is promising only in a quantitative mul-
tisectoral general equilibrium framework applied to some appro-
priate country. The case of copper-exporting Chile will be stu-
died here. The country model is described in chapter 3 and do-
cumented in the appendix. The model experiments used for deter-
mining the costs and benefits are also designed in chapter 3.- 4 -
The results are presented and discussed in chapter 4 and con-
clusions are drawn in chapter 5.
2. Disturbances in a Small Commodity Exporting Country
Long-run economic equilibrium is characterized by employment
at the natural rate and a balanced foreign exchange account. The
properties of short-run equilibria in a small commodity export-
ing country depend on the exchange rate regime. Consider a tem-
porary decline of the leading export commodity price affecting
the economy in a state of long-run equilibrium. The public ex-
pects inflation to continue at the equilibrium rate. Labour de-
mand in the commodity sector contracts and unemployment increa-
ses unless a falling real wage level allows for additional em-
ployment in other sectors.
2.1 The Case of Flexible Exchange Rates
Without government intervention on the foreign exchange
market, a shrinking supply of foreign exchange earned by com-
modity exporters devalues the domestic currency and raises do-
mestic prices of traded goods accordingly. Labour moves into
sectors that respond to rising prices by expanding exports or
substituting imports. The domestic credit component of money
supply can then be directed at the employment or the price le-
vel target. As real income earned in the commodity sector falls,
the demand for money is reduced. If opportunity costs of hold-
ing money remain unaffected, the domestic price level goes up
unless the domestic component of money supply is reduced accor-
dingly. The authorities might then try to exploit money illu-
sion by not fully adjusting domestic credit. As additional in-
flation would come unexpected, the nominal wage claim would re-
main unchanged in the short-run. The resulting real wage de-
cline would tend to stabilize aggregate employment in spite of
contracting labour demand in the commodity sector.
A free foreign exchange market thus facilitates the stabi-- 5 -
lization of aggregate employment though at the cost of trans-
mitting export earnings fluctuations to the domestic price le-
vel and to sectoral employment. Earnings instability is reduced
to some extent by portfolio reactions. As rates of return to
capital vary inversely between sectors producing traded goods
on the one side and the commodity or non-traded goods on the
other side, private investors can reduce the risk of an uncer-
tain commodity price trend by accepting a lower internal rate
of return on investment in sectors producing traded goods. The
remaining earnings instability, however, still creates econo-
mic bads. Price level instability reduces the usefulness of mo-
ney leading the economy nearer to a system of barter: gains
from the specialization of a money economy are lost. Structural
employment instability adds to informational frictions in the
labour market and thus to a higher natural rate of unemploy- .
4 ment.
2.2 The Case of Fixed Exchange Rates
Under a fixed exchange rate, a shortfall in earnings drives
the foreign exchange account into deficit. Unless outflowing
reserves are offset by domestic credit, however, the deficit is
automatically eliminated as contracting money supply reduces
domestic absorption thereby diminishing import demand and free-
ing resources for export. Money supply (on account of outflow-
ing reserves) is falling more rapidly than money demand (on ac-
count of contracting real income). The price level consequent-
ly falls, the real wage level increases and aggregate demand
for labour is reduced. If, however, the deficit on current ac-
count can somehow be sustained up to a time when the commodity
price has recovered, the authorities might attempt to stabilize
absorption by expanding domestic credit. This would tend to
stabilize the price level.and employment as well. The distur-
bance would in effect be contained within the commodity sector.
4) Phelps, E.S. 1972.- 6 -
On the other hand, with the variance in returns to capital eli-
minated in all but the commodity sector, the rewards of- port-
folio diversification would be much reduced.
The deficit on current account can, perhaps, be financed by
international compensatory finance, the depletion of reserves
held for precautionary purposes, or by capital inflow. Compen-
satory finance is available only in limited amounts. Beyond the
limit, the reserve stock would have to ebb and flow in order to
stabilize absorption under fluctuating export earnings. The av-
erage stock must be enlarged and opportunity costs of reserve-
holding must be borne. Provided the capital market has been
liberalized, capital inflow could be induced by raising the do-
mestic against the foreign nominal interest rate. With the do-
mestic price level nearly constant, such policy would destabi-
lize the real interest rate thus impairing the efficiency of
investment allocation. In the following, only the case of re-
serve-holding is considered. Implicitly, it is always assumed
that the capital market is closed.
An activist demand policy is difficult under fixed rates
as the authorities must at the same time intervene in the fo-
reign exchange market. If the public believes that the declared
policy cannot be maintained, for example on account of insuffi-
cient reserves, speculative capital movements will compel the
authorities to give up. In defense of the fixed rate, contrac-
tion of real domestic absorption would have to be tolerated
till the reserve outflow comes to a halt. Deflation then allows
for some recovery of demand. Coming unexpected, however, the
real wage claim would increase. In short-run equilibrium,
therefore, aggregate employment and output supply fall below
the natural rate. Labour demand in sectors producing either the
commodity or non-traded goods is reduced without an offsetting
5) See Tanzi, V. and M.J. Blejer 1982.
6) See Heller, H.R. and M.S. Khan 1978.- 7 -
expansion in the production of traded goods. In sum: defending
the exchange rate against volatile commodity prices but not
succeeding in demand management creates costs in terms of ag-
gregate employment fluctuations without stabilizing the domes-
tic price level. The rewards for diversification, furthermore,
are smaller than in the case of flexible rates as rates of re-
turn to capital do not vary inversely.
2.3 Gains and Losses from a Diversification Policy
Export taxes and subsidies can be applied to compensate for
lost market incentives to diversify under fixed exchange
rates. Besides the intended risk reduction, such measures would
also reduce costs of balancing the movements on the foreign ex-
change account and would mitigate disturbances in case a contra-
cyclical policy fails. There might, however, also be gains and
losses irrespective of the commodity problem. If laissez-faire
had assured an optimal trade specialization before, the policy
would throw away some of the gains from trade. In commodity-
exporting developing countries, however, current specialization
often is suboptimal for the following reasons:
(1) National monopoly power in commodity trade leads to unequal
rates of domestic and foreign rates of transformation in
production, unless there is a sole exporter of the commodi-
ty, i.e. a private monopolist. An export tax is the first
best solution for exploiting the country's monopoly power.
(2) Import protection has been granted to various "infant" in-
dustries which never grew up. The resulting overvalued ex-
change rate hampers production of other traded goods. Ex-
port subsidies are a second best solution, dismantling of -
protection naturally being first best.
(3) Domestic factor markets are distorted, most notably there
are static labour cost differentials between rural and urban
7) See Corden, W.M. 1974.- 8 -
regions and between informal and formal sectors. Trade po-
licy can supply a third best solution, while a factor and
a production tax-cum-subsidy are first and second best so-
lutions respectively, provided the distortion cannot be re-
moved directly.
If such market imperfections and policy-induced distortions
exist and have not been corrected already by other policies, it
will not at once be clear whether a specific export tax-cum-sub-
sidy policy will move the economy nearer to the point of opti-
mal specialization or away from it. This can only be determined
9 within a quantitative general equilibrium framework. If the net
effect on the variable serving as welfare-indicator turns out
as positive, such result will also imply that current export
earnings fluctuations are in part originating in market imper-
fections or policy induced distortions causing suboptimal spe-
cialization. Attention should then be directed towards these
distortions before turning to stabilization.
3. Analytical Framework
In a recent review of economy-wide model building, Powell
(1982) classified such models into the Keynes-Klein, the Phi-
lipps-Bergstrom and the Walras-Johansen tradition. These cor-
respond respectively to time-series models built in the Wharton
8) See Gerken, E. 1981.
9) Various aspects of the Chilean commodity problem have al-
ready been studied within a quantitative general equilibri-
um framework: Dick et al (1982) on alternative stabilization
targets (employment, absorption, exchange rate), Gerken
(1983) on using the exchange rate for stabilizing inflatio-
nary expectations, Vincent (1982) on the requirements for
monetary policy. The present study makes use of the same
model. This allows to focus attention on the benefits and
costs of export diversification. For a deeper analysis of
the implications of alternative reactions to the instabili-
ty problem, the reader is referred to the previous studies.- 9 -
tradition, the continuous time disequilibrium model developed
at LSE and the applied general equilibrium school. For the sub-
ject at hand a model providing projections as distinct from
forecasts is required. Its role is to provide insights into how
the economy might be influenced by a particular event in the
way of identifying the key factors underlying the projections
for endogenous variables. For this reason the model should be
tightly constrained by conventional economic theory.
The model used here belongs to the Walras-Johansen class
paying close attention to microeconomic theory. As such it is
particularly appropriate for an open free market economy/ ex-
plaining trade flows and the composition of domestic activity
by relative prices and substitution prospects. Models of this
class centre around an input-output system of accounts which fa-
cilitates the inclusion of many types'of commodity and factor
flows: commodity inputs from domestic and imported sources to
current production, to capital creation, to households, govern-
ment and exports, and industry inputs of primary factors which
include different types of labour, fixed capital and a sector-
specific factor.
10) For these models, which are formulated in discrete time,
relative prices play a minor role by comparison with "acti-
vity" variables. For examples see Lasaga (1981) and Adams
and Behrman 1982. .
11) See Dixon et al. 1982.-, 10 ••-•
The major behavioural, postulates ar.e (i) Producers choose
their commodity and factor inputs to minimise production costs
of a given output subject to three level constant returns to
scale industry production functions. At the first level is the
Leontief assumption of no substitution between input categories
or between them and an aggregate of the primary factors. At the
second level are CES functions describing substitution between
domestic and imported sources of each input category and be-
tween the three primary factors (aggregate labour, fixed capi-
tal, natural resources). At the third level are CES functions
describing substitution between different occupations within
1
the aggregate labour category, (ii) Households choose their con-
sumption to maximise an additive nested utility function sub-
ject to an aggregate budget constraint. The nests of commodity
categories contain CES functions describing substitution pro-
spects in consumption between domestic and imported sources of
each category.
The comparative-static one period system ignores lags, leads
and adjustment dynamics. Hence the model has nothing at all to
say about the time path followed by endogenous variables under
the influence of an exogenous shock. A short or long-run inter-
pretation can be placed on the adjustment period depending upon
the nature of the shock under consideration and the configura-
tion of the economic environment in which it is assumed to take
place.
3.1 Sector Disaggregation
Trade flows and variations in the rate of return to capi-
tal are central to the subject matter of this study. Sector
disaggregation must, therefore, emphasize differences with re-
spect to the export share of domestic production, the import
share of domestic demand and the cost shares of factors (see
Table 1). On the basis of the 67-sector input-output table of

















































































































































1) Manufacture of consumer good except wood products, cork, and paper. 2) Manufacture of wood products, cork, and paper.
3) All other manufacturing industries. 4) Construction, utilities, distribution, private and public services. 5) Share
of exports in total demand for domestic production. 6) Share of imports in total domestic consumption. 7) Ratio of
sectoral to economy-wide average wage. 8) Ad valorem rates of iirtport protection.
Source: Presidencia de la Republica. .- 12 -
12 •
each producing one homogeneous good. Natural resource based
sectors (agriculture, copper mining, other mining) are distin-
guished separately. Likewise, a domestic sector characterized
by a small export and import share is singled out (services).
Activities competing moderately against foreign substitutes
(agriculture, food processing) are separated from activities
competing strongly, either in the world market (other mining,
export oriented light manufacturing) or at home (import compet-
ing light manufacturing, heavy manufacturing). Lastly, import
competing manufacturing activities are grouped according to dif-
ferent cost shares of imported intermediates.
3.2 System of Equations
The model is written as a set of structural equations linear
in all growth rates, allowing it to be solved by simple matrix
methods. The equations are listed in Table A1, the variables,
and coefficients are defined in Tables A2 and A3 respectively.
,-Table A1 partitions the equations into five.groups:
(1) Final demands. Households, capital creators, government and
foreign sources demand both domestic and imported commodities.
Substitution between goods of different source is always induced
by changes in relative prices of these goods. The extent of
substitution, for a given relative price change, is determined
by the specific substitution or cross-price elasticity. House-
holds can substitute between domestic and imported sources of
their consumption goods (equation (1)). They can also substi-
tute between different commodity categories within their con-
sumption bundles (2). Producers of capital goods can switch
their demand between domestic and imported sources of supply
(3). Government demands for imported and domestic commodities
are related to real consumption expenditure. Finally, equation
(5) indicates that provision is made for Chilean exports to in-
fluence world commodity prices.
12) Presidencia de la Republica.- 13 -
(2) Industry Inputs. Chilean industries can substitute between
domestic and imported sources of their intermediate inputs, be-
tween the primary factors labour, fixed capital, natural re-
sources, and between different labour occupations in producing
their outputs (6-9). The extent of substitution for a given
change in relative prices is governed by the relevant substitu-
tion elasticities.
(3) Zero pure profits. Since constant returns to scale produc-
tion technology and competitive behaviour is assumed in the de-
rivation of the structural.equations, profits can accrue only
to factors of production. Industry output prices must equal pro-
duction costs: intermediate costs from domestic and imported
sources, occupational labour costs and fixed capital and land
costs (10). The price of a unit of capital creation in each in-
dustry must equal its production costs (11). Note that capital
creation does involve primary factors indirectly, via their
content in intermediate inputs. The selling prices of import-
commodities must equal the costs of importing (12). Finally,
the revenue from exporting must equal the cost of doing so' (13).
(4) Market clearing. Supply must equal demand for domestically
produced commodities (14), occupational labour (15), fixed ca-
pital (16) and natural resources (17). Note that (15)-(17) sim-
ply require that factor employment levels are satisfied. Full
employment assumptions are not imposed. .
(5) Miscellaneous equations. The model includes a large group
of equations which are mainly definitional in character. Their
structure is for the most part self explanatory. Of these how-
ever, equations (22)-(24), which determine the allocation of
1 3
investment across industries, require further comment. They
follow from the assumption that (a) investment takes one peri-
14 •
od to install, (b) investors have an expected rate of return
13) See also Dixon et al 1982.
14) Since the model is of a one period comparative-static na-
ture, this means that endogenous investment in the model's
solution period does not augment the economy's capital
stock in that period. . . .- 14 -
schedule from new investment which is downwards sloping and (c)
aggregate investment is allocated across industries to equate
expected rates of return.
The monetary equilibrium need not be made explicit in the
model. The authorities are assumed to vary domestic credit sup-
ply so as to secure the imposed employment/ absorption or ex-
change rate target given changes in money demand and in the fo-
reign component of money supply.
3.3 Experiments
The analysis proceeds by a set of comparative-static model
experiments. In each experiment, the conditions for a specific
equilibrium are imposed via the model closure, i.e. by assign-
ing values to a selection of exogenous variables (see Table A4).
From Tables A1 and A2 we see that there are 4gh + 11g + 9h + rh
+ 2r + 13 equations in 4gh + 15g + 11h + rh + 2r + 17 variables.
The model is first closed by assigning values to a selection of
4g + 2h + 4 variables. Solution values for the endogenous va-
riables are then obtained by matrix methods. The solution ma-
trix gives percentage deviations of all endogenous variables
from the values which would have occurred without the commodity
price change or the diversification policy. In Table 2 a se-
lection of macroeconomic, trade, and sector employment solu-
tions necessary for reaching conclusions is presented.
The first experiment is designed so as to explore the net
social costs of an export tax-cum-subsidy policy irrespective
of the commodity problem. A 10 per cent ad valorem tax on cop-
per exports and a 10 per cent ad valorem subsidy on the export
of all goods but services and products of heavy manufacturing
is introduced or added to existing taxes or subsidies. Export
quantities of other goods are fixed in all experiments.
15) See footnote 2 to Table A4.- 15 -
The structural change is expected in the long-run. Labour as
well as capital, therefore, move equalizing sectoral factor
prices. Real wages adjust so as to allow only natural unemploy-
ment. The labour force is kept constant and there is no shift
in world copper demand. The solution for real GDP then shows
the net real income effect of the diversification policy. Real
income is used as the sole welfare indicator, i.e. a positive
result for GDP is interpreted as a welfare gain or as indicat-
ing negative net social costs of the diversification policy. The
sectoral solutions for employment, capital stocks, exports and
imports quantify the structural change induced by the policy.
These solutions together with the solution for total investment
are used to construct the data base for the model describing the
economy after structural change has taken place. Each of the
following stabilization policy experiments can then be carried
through both for the undiversified and for the diversified eco-
nomy. Comparing solutions, the contribution of the export tax-
cum-subsidy can be studied.
All instability experiments have in common the copper price
decline and the short-run perspective. A rather drastic copper
price shock of -41.37 p.c. is introduced for the following rea-
son. A variation of the reserve stock is considered here as the
only means of financing a deficit in current account. In order
to secure credibility for their contra-cyclical policy and to
prevent speculative capital movements, the authorities must vi-
sibly plan the average reserve-stock for the worst expected
case. A price decline of the size of the average deviation from
the moving five-year-average of the last decade (1970-79) plus
two standard deviations has been defined here as the worst ex-
pected case. Under normal distribution this would exclude an
even more dramatic decline with a probability of 95 per cent.
The short-run perspective is characterized by intersectoral
capital immobility and by the possibility of unexpected price
16) World Bank 1980, p. 310.- 16 -
level changes. All short-run model closures exogenously fix sec-
toral capital stocks and money wage.
The second experiment is designed to bring out the implica-
tions of stabilizing aggregate employment under flexible ex-
change rates. The imposed .short-run equilibrium is character-
ized by a constant balance on current account and by employment
at the natural rate. The solutions then show the currency depre-
ciation, the price level increase and sectoral employment chan-
ges . The third experiment attempts demand management under
fixed exchange rates. The model is now closed by fixing real
domestic absorption as well as the nominal exchange rate exoge-
nously allowing the current account to move into deficit. The
solutions permit an assessment of the stabilization effects and
of the reserve stock required for financing the current account
deficit. The opportunity costs of reserve-holding are calculated
outside the model. The fourth experiment is intended to study
the instability effects under fixed rates without demand ma-
nagement. The model is closed by fixing the balance on current
account and the nominal exchange rate.
4. Results
4.1 Export Diversification
The macroeconomic, trade, and sector employment solutions
necessary for reaching conclusions are presented in Table 2.
The following interpretation makes extensive use of the cost
and trade structure data of the base year collected in Table 1
without at each occasion referring to the Table explicitly.
The first experiment introduces a 10 per cent ad valorem
tax on copper exports and a 10 per cent ad valorem subsidy on
all other exports except services and products of heavy manu-
facturing. The experiment allows time for labour and capital to
move between sectors, though the specific factor naturally can-- 17 -
not leave agriculture or mining. Copper exports drop by 10.58
per cent in quantity but, owing to Chile's monopoly position,
by only 5.24 per cent in foreign currency value. While total
export earnings grow by 8.03 per cent following the subsidized
expansion of non-copper exports, the share of copper in total
exports goes down from 46 to 40 per cent. The real income ef-
fect is positive: real GDP is enlarged by 1.43 per cent.
The real income effect must be examined for the underlying,
distortions, though an exact separation of the general equili-
brium result into its elements is not possible. First, observ-
ing different export demand elasticities for copper and for all
other goods (2 and 20 respectively) as well as infinite supply
elasticities for all imports, an appreciation of the Terms of
Trade by 1.86 per cent can be calculated from the copper share
in total exports (0.46) and the model results for copper and
aggregated non-copper export quantities (-10.58 per cent and
20.35 per cent respectively). Weighted by the trade share, the
Terms of Trade improvement adds 0.54 per cent to GDP. If no .
other distortion was included in the model and the data base
was describing a country currently exploiting its monopoly pow-
er, this outcome would be swamped by the negative income effect
of raising marginal copper revenues above marginal costs of sup-
ply. Current exploitation must be embodied in the data base as
indirect tax or as pure profit in copper production. Since vir-
tually the whole copper output is exported or used as own inter-
mediate, net indirect taxes reduce the domestic price in much
the same way as pure export taxes do. The net indirect tax rate
on copper output, however, is only 0.003 in the base year. Pure
profits, if they existed, would be merged with rental payments
to owners of natural resources in the data base. The profit
rate, which would be smaller than the earnings share accruing
to the sector-specific factor (0.17), must be compared to the
optimum export tax rate, which is equal to the reciprocal of
the export demand elasticity after imposing the optimum trade- 18 -
Table 2 Effects of Export Diversification
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1) Model projections.All projections are in percentage changes with the exception of the ba-
lance of current account which has the unit of millions of US dollars (1977). 2) Consumer
price index. 3) In foreign currency value. 4) For sector disaggregation see footnotes to
Table 1. 5) 10 per cent ad valorem tax on exports from copper mining, 10 per cent ad valorem
subsidy on exports from all sectors except copper mining, heavy manufacturing and services.
6) Denotes variable exogenously set to zero. 7) Model in base year. 8) Model after updating
base year data according to results of experiment 1. 9) The time interpretation of short-
and long-run is somewhat vague. In the short-run nominal wage claims and industry capital
stocks are fixed, in the long-run they are flexible. The distinction is thus between periods
not exceeding the time lag on the adjustment of expectations and the gestation lag on new
investment and periods exceeding both lags.
Source: Own Calculations.- 19 -
tax structure.1^ Though the point elasticity of copper export
demand (2) would certainly increase in this process, there re-
mains a strong impression that monopoly power is not fully ex-
ploited in the base year. In the model, pure profits are denied
by imposing constant returns to scale, i.e. the contribution of
improved Terms of Trade to GDP is not impaired.
Second, a rather large residual real income effect remains
to be accounted for by the two other distortions included in
the model: static labour cost differentials and import protec-
tion. For decomposing, structural change in employment and thus
also in output must be considered first. Sectoral solutions pre-.
sented in Table 2 are both the direct result of export taxes
and subsidies and the indirect result of an appreciation of the
real exchange rate (6.74 per cent) caused by real income growth.
The diversification policy does not simply increase activity in
other international sectors at the expense of copper mining. The.
appreciation fosters employment in services, it furthermore low-
ers relative prices of imported goods. Net sectoral effects then
depend on trade shares. High export shares in domestic produc-
tion and low import shares in domestic consumption give occasion
to strong expansions in other mining and in export oriented
light manufacturing, whereas the reverse constellation hinders
entrepreneurs in import competing light manufacturing to take
advantage of export subsidies. Contraction of heavy manufac-
turing employment is due to both falling prices of imports which
account for 49 per cent of domestic consumption and to the with-
holding of export subsidies.
Static labour cost differentials have an impact on model
solutions, since average wages per employed differ between sec-
tors and the intersectoral wage ratios are kept constant. As
wages per employed in contracting sectors (copper mining, export
17) Corden, W.M. 1974, p. 169.- 20 -
manufacturing), however, are near the economy-wide average and
labour moves into above- as well as below-average wage sectors,
restructuring of employment carries no efficiency gains. Weight-
ed by the economy-wide value added share of labour (41 per
cent), there is even a small real income loss of about 0.02 per
cent. The positive residual income effect must thus be attri-
buted to the effect of compensating for current import protec-
tion and for the overvaluation of the exchange rate implied by.
it. Specifically, the highest protection is granted to heavy
manufacturing both directly by tariffs and indirectly by the
undervaluation of imported intermediates.
4.2 Instability under Flexible Exchange Rates
In experiment 2 the authorities are assumed to direct do-
mestic credit at the employment target. As real income drops by
4.50 per cent following the copper price shock also money de-
mand is shrinking. The simulation result shows that in order to
achieve the real wage decline necessary for constant employ-
ment, the price level must be allowed to rise by 3.17 per cent
against the expected inflation rate. Domestic credit supply,
accordingly, must not be adjusted to the lower demand for money.
The structural change required for balancing the current
account and employing all labour dismissed from copper mining
is brought about by the currency depreciation of 8.19 per cent.
After domestic inflation this is translated into a real exchange
rate devaluation of 5.02 per cent stimulating non-copper exports
and contracting all imports. Employment is reduced in the com-
modity and in the domestic sector, that is copper mining and
services. All manufacturing sectors gain in employment as do
agriculture and other mining. Export oriented sectors (other
mining, export oriented light manufacturing) expand more than
import substituting sectors as the price elasticities of ex-
port demand are substantially above those of import demand.
Large changes in sectoral labour demand may raise some- 21 -
doubts as to whether supply is flexible enough to ensure con-
stant aggregate employment. In semi-industrial countries a high
percentage of total workforce is known to be waiting or search-
18
ing for work at any time. Additional labour demand can be
met to some extent by workers living on the location. Structural
employment instability rather makes the search for work even
more attractive and thereby increases the rate of natural unem-
ployment. Sectoral dismissals and hirings have been aggregated
in Table 2 in order to provide an indicator for structural in-
stability. As contraction or expansion of sectoral labour de-
mand are determined by trade'and cost structures, and the model
has been disaggregated homogeneously in this respect, the indi-
cator is unbiased. 2.99 per cent of labour force are dismissed
from work and an equal percentage are hired.
Provided an export tax-cum-subsidy policy had led to the
structural changes described in experiment 1, the copper price
change would less affect the inflation rate (2.47 per cent) and
would require a smaller amount of work-place switching (5.37
per cent) for keeping aggregate employment constant. Employment
in the copper mining sector, however, is shown to be more sen-
sitive to copper price changes, as diversification has lowered
the production, share of labour in copper mining. Adjusting fac-
tor inputs to output changes now requires a higher rate of
change in the employment of the variable factor than before.
A flexible exchange rate regime encourages private diversi-
fication. As sectoral capital-stocks are fixed in the short-run
closures of the model, the structure of employment changes also
gives an indication of the structure of changes in return to
capital. Private investors can reduce the variance in expected
returns by expanding investment in export oriented sectors other
than copper mining. Since this process has not been included
in the model, the solutions both with and without the export-
18) See Berry, A. and R.H. Sabot 1978. In Chile the unemployment
rate reached a low of 12 per cent in 1980-81 before the
economic depression began.- 22 -
cum-subsidy overstate the instability under flexible exchange
rates. . . , • :
4.3 Opportunity Costs of Stabilization under Fixed Exchange
Rates
In the third experiment, the nominal exchange rate is de-
fended against falling copper prices,and expansionary policies
are implemented to cut the link between real income and real
domestic absorption. The benefits of demand management under
fixed rates, if successful, are shown by the solutions. The
disturbance is contained within the commodity sector. There is
only a slight decrease in the price level as credit expansion
almost compensates for the difference between a contracting fo-
reign component of money supply and shrinking money demand.
Aggregate unemployment is mainly due to lay-offs in copper min-
ing. Dismissals and hirings affect only 1.71 per cent of la-
bour force. As also returns to capital are stabilized outside
the copper sector, incentives for portfolio diversification
are much reduced.
Costs arise from the necessity to finance a current account
deficit of 634 Mill. US Dollar or 5.5 per cent of GDP as imports
and non-copper exports remain almost unchanged after the copper
price decline. If the authorities keep an additional average
reserve stock for balancing the variations on current account
induced by commodity export earnings, the society will have to
bear the opportunity costs of returns foregone from alternative
uses - like, for example, from investments into the domestic
fixed capital stock or from smaller long-run debt commitments
to international financial markets. As interest on these debts
is higher than the interest that can be earned by holding the
reserve in short-run foreign securities (for example in US
treasury bills), the opportunity costs are positive.
The policy of export diversification cannot add to the sta-
bility of the macroeconomic. variables as real domestic absorp-
tion has been fixed in both experiments with and without the- 23 -
structural change. The higher sensitivity of employment in the
copper sector due to diversification even increases slightly
the remaining instabilities. Reserve requirements fall to 562
Mill. US Dollars. Evaluating the opportunity costs of holding
additional reserves with the interest rate differential between
the country's long-run debt commitments and US treasury bills -
about 3.6 per cent in the average between 1975 and 1980 - and
comparing results, it becomes obvious that only a small cost re-
duction (2.6 Mill. US Dollars) is achieved. The main benefits
of diversification are lying elsewhere.
4.4 Instability under Fixed Exchange Rates
Defending the nominal exchange rate against a deteriorating
copper price without being equipped or willing to finance a de-
ficit in the current account, the authorities must put up with
a heavy contraction in domestic absorption. The solutions of
experiment 4, in which this case is simulated, can be inter-
preted most conveniently in comparison with those of experiment
2 simulating the case of employment stabilization under flexi-
ble rates. Shrinking money supply now takes down the domestic
price level by 4.50 per cent below the inflation rate expected
in long-run equilibrium. Instead of a real wage decline by 3.17
per cent as required for constant aggregate employment, the
claim is unintendedly increased by deflation. Employment conse-
quently falls 7.18 per cent below the natural rate.
Fixing the nominal rate has only a minor stabilizing effect
on the real exchange rate (-4.50 per cent instead of -5.02 per
cent under flexible rates). Comparing structural results of
both experiments, it can thus be seen that employment losses are
distributed over all sectors, i.e. expansionary movements are
19) World Bank 1981, pp. 130-132. International Monetary Fund
1982.- 24 -
mitigated and contractionary movements aggravated. This shifts
the instability from sectors expanding on behalf of the real ex-
change rate devaluation to those contracting, i.e. from the in-
ternational sectors to both the commodity and the domestic sec-
tor. In industries producing traded goods except copper, export
expansion and import displacement are impaired by a shrinking
domestic demand. In the mainly import competing sectors, the net
employment effect even turns negative. Consequently, there is
less incentive for diversifying investments in favour of the
production of traded goods other than copper. Finally, with la-
bour intensity in the domestic sector on average higher than in
the international sectors - the value added share of labour is
.46 in services but only .35 in the rest of the economy - shift-
ing employment instability to the domestic sectors increases
structural instability in total. Following the model simulation,
8.05 per cent instead of 5.9 8 per cent of labour force move
either in or out of work places. Waiting and searching for
work becomes more rewarding.
The export tax-cum-subsidy policy cuts down costs of defend-
ing the nominal exchange rate. Since total export earnings fluc-
tuate less heavily, a balanced current account requires smaller
changes in absorption. In the worst case, the domestic price
level falls by 3.37 instead of by 4.50 per cent. A less volatile
real exchange rate implies a smaller amount of hirings and dis-
missals: 6.49 instead of 8.05 per cent of the labour force are
involved. Still, comparing fixed to flexible exchange rate .so-
lutions in the diversified economy, the instability of all va-
riables but the nominal exchange rate - aggregate employment,
domestic price level, structural employment - turns out smaller
in the case of flexible exchange rates.
5. Summary and Conclusions
Instability of world commodity markets brings about macro-
economic disturbances in a group of countries earning their fo-- 25 -
reign exchange to substantial parts by 'exporting just a few pri-
mary commodities. The authorities of such countries can stabi-
lize aggregate employment against external shocks by reserving
monetary policies for that purpose, allowing the currency to
find its price in the foreign exchange market. Export earn-
ings fluctuations, however, will then cause domestic price
level and sectoral employment fluctuations. Such adverse im-
plications could be avoided within a fixed exchange rate re-
gime, if the authorities were to succeed with attempts to sta-
bilize real domestic absorption.
Fixing the nominal exchange rate, however, market incentives
for export diversification are subdued as no longer do returns
to capital vary inversely between sectors producing the commo-
dity as well as non-traded goods on the one side and other
international sectors on the other side. Less diversified, the
economy is then exposed to wider export earnings fluctuations
and to greater risks of shifting commodity price trends. The
authorities might substitute export taxes-cum-subsidies for the
market incentives in order to temper swings in earnings and re-
gain security.
In the first experiment it was shown that a marginal export
tax-cum-subsidy policy has a positive welfare effect irrespec-
tive of the instability and uncertainty issue. Real income is
increasing. The result was crudely decomposed into a monopoly
and an import protection effect, i.e. the measures turned out
as solutions to current distortions. It follows that the insta-
bility of domestic variables is in part due to domestic dis-
tortions. Correcting for such distortions first, excess demand
for price level and structural employment stability would be
reduced. The case for stabilizing within a fixed exchange rate
regime is then less convincing.
In the second experiment some implications of aggregate em-
ployment stabilization within a flexible exchange rate regime- 26 -
were quantified first within the undiversified economy. The so-
lutions revealed that domestic price level and structural em-
ployment instability would'indeed be high in such a case. Price
level instability, however, is remarkably reduced already by the
marginal diversification obtained in experiment 1. It must be
kept in mind, furthermore, that portfolio diversification is not
included in the model, i.e. the economy of the model is less
diversified than after a period of adjustment to a flexible ex-
change rate regime. The indicators, therefore, overstate the in-
stability relative to the fixed exchange rate cases.
In the third experiment, the authorities defend the ex-
change rate and stabilize real domestic absorption - relying on
a stock of reserves built up for that purpose . Domestic price
level, aggregate and structural employment can, as the model
results confirm, indeed be stabilized to a large extent. Di-
versification would in such case have only little additional
effect besides reducing the risk of stabilizing with respect
to erroneous price projections. Opportunity costs of reserve-
holding are reduced but by a small amount. In spite of high re-
serves, however, doubts persist whether the authorities of
commodity-exporting countries can avoid speculative capital
movements in face of drastic changes in the balance of current
account after a copper price shock.
In the fourth experiment, therefore, the implications of de-
fending the exchange rate without financing a current account
deficit were examined. External equilibrium must then be ob-
tained by massive deflation including a dramatic decline of
employment. Both price level and structural employment, stability
are shown to be higher than in the case of flexible rates. By
reducing fluctuations in export earnings, the export tax-^-cum-
subsidy measure mitigates each of these adverse effects. In each
case, however, the instability remains higher than under a
flexible exchange rate system, in which monetary instruments
are reserved for aggregate employment stabilization.- 27 -
The task of determining the structural effects of a complete
removal or correction of distortions has not been taken up here.
Nor was private reaction to uncertainty included in the model.
The quantitative results of this study nevertheless lead to the
conclusion that the case for reacting to export earnings fluc-
tuations by stabilization within a fixed exchange rate regime
is not a strong one.
Finally, the paper has illustrated how a formal economy-wide
framework can be used to assist policy makers in evaluating the
implications of alternative proposed policies. As with all stu-
dies of an applied nature the results are.conditional on (a)
the numerous assumptions underlying the economic structure of
the model used, and (b) the quality of the data used to speci-
fy the model numerically. The assumptions have been made ex^
plicit, as far as is possible, to enable the reader to judge
their relevance. With respect to data, no effort has been made
to assess the quality of the published sources. Least defend-
able, probably, is the assumption of a constant export demand
elasticity in the case of an export diversification policy. The
elasticity is more likely to increase thus removing the possi-
bility of exploiting monopoly power. Note, however, that the
monopoly effect accounted for the smaller part of the positive
income result only. The compensation for trade distortions or
the direct removal of these distortions will nevertheless lead
to both higher real income and a more diversified economy. The
beneficial effects of such diversification under commodity mar-
ket instability have been worked out quantitatively. While the
numerical projections have obvious limitations, they assist in
arriving at the dimensions of policies required to cope with
the external shock given specified targets.- 28 -
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Demands for fixed capital
(v=2) and land (v=3).
Demands for aggregate la-
bour
Demands for labour of
each occupation
- in production
- in capital creation
- in importing
- in exporting
Supply equals demand for
- domestically produced
commodities
. - labour of each occu-
pation
- capital
- land- 31 -
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Balance of current account
Rate of return to capital
Industry investment
Investment budget (nominal)
Price of labour in gene-
ral
General price of goods to
households
Consumer price index











ital equations = 4gh + 11g + 9h + rh + 2r + 13- 32 -
1) The variables and coefficients are defined in Tables A2 and
A3.
2) The model distinguishes 8 domestic industries each pro-.
. ducing its respective commodity i.e., g and h = 8. Hence
pi1
 =
 pi1 ' ^
 =
 1''*-'h, i = 1,...,g. (Labels for these are
given in Table 1). The labour market is divided into two
occupational categories, i.e., r = 2. The superscript s
denotes the source of the commodity, s = 1 (domestically
produced), s = 2 (imported). The superscript v denotes the
type of primary factor; v = 1 (aggregate labour), v = 2 .
(fixed capital), v = 3 (land).
3) The nomenclature of variable superscripts is as follows.
Superscript "P" denotes a primary factor quantity or price,
. superscript 'v'm" a foreign price for imports (cif) and
superscript "e" a foreign price for exports (fob). Super-
script (1) denotes the use of that variable in current
production, (2) in capital creation, (3) by households',
(4) exports and (5) by other (mainly government) demands.
Note that there is no superscript on the local prices of
domestic and imported commodities (the p. ). That is, the
price of a commodity is assumed to be the same in all
domestic end uses.- 33 -









































































Household demands for domestic and imported goods
Household demands for goods undifferentiated by source
Price of good i from source s • ' *
Number of households
Aggregate nominal household expenditure
Price of consumer goods by type but not by source
Demands for inputs (domestic and imported) for capital creation
Capital creation by using industry •
Other (mainly government) demands for domestic and imported goods
Aggregate real household expenditure
F.o.b. foreign currency export prices
Export demands
Export demand shift variable
Demands for inputs (domestic and imported) for current production
Industry outputs
Industry demands for labour in general, fixed capital and land
Rental prices of capital (v=2) and land (v?3) in each industry
Economy wide price of labour in general
Demands for labour by occupation and industry
Price of labour by occupation
Costs of units of capital
C.i.f. foreign currency prices for competing imports
One plus the ad valorem rates of protection on imports
Exchange rate (Chilean peso/foreign currency ($ US))
One plus ad valorem rates of export subsidies
Employment by occupation
Industry capital stocks
Industry land- 34 -


































3alance of current account
Commodity import volumes
Foreign currency value of imports
Foreign currency value of exports
Industry rates of return to capital
Economy-wide expected rate of return
Aggregate nominal investment
Investment goods price index
Aggregate real investment
Aggregate employment
Economy's aggregate capital stock
Shift term for economy-wide wage
Total variables: 4gh + 15g + 11h + rh + 2r + 17
1) The variable subscript range is as follows: i,k = 1,...,g; s = 1,2; v = 1,2,3;
j = 1,...,h; q = 1, ...r.
2) All variables are in percentage changes except the balance of current account, AR, which, because
it can move through zero, is expressed in first differences.- 35 -
Table A3 Coefficients of the Chilean Model
o. CES import-domestic substitution elasticities for good i in
(3)
Mv household consumption (a: ), intermediate usage in industry j
a
 111 )
ii for current production [a).), and as inputs to capital creation
(2)
 XJ
^(2) (a).). A common value of 2.0 was assigned to all these elasti-
cities. This value, while judgemental, is consistent with esti-
mates from the few published studies in this area.
ii
P • P
a. CES substitution elasticities among primary factors (o.), and
P
D amongst occupational labour (a1 .) in industry j. Since relative a ' / J
1fi wages between occupations were assumed fixed in all experiments
the values assigned to a1 • (1.0 for all j), exert no influence
1 i J p
on the results. The following values for a. were used,
1. Agriculture"(0.31), 2. Copper mining (0.20), 3. Other
mining (0.51), 4. Food processing (1.0), 5. Light manufacturing
(import competing) (1.0), 6. Light manufacturing (export
oriented) (1.0), 7. Heavy manufacturing (1.0),' 8. Services
(0.43). The values for sectors 1,3 and 8 were drawn from the
econometric estimates in Behrman (1972), the value for sector 2
from the supply elasticity reported in Lasaga (1981). Values
for the remaining sectors are based on the estimates reported
in Corbo and Meller (1979).
e. Expenditure (e.) and cross price (n-v i ^ k) elasticities in
household consumption for good i. Estimates for e. were obtained
ik from the Chilean household demand studies reported in Lluch,
Powell and Williams (1977) and Taborga (1978).The estimates used
for each of the eight commodity groups are, 1. (0.60), 2.-4.
(0.75), 5. (1.10), 6. (1.41), 7. (1.62), 8. (1.18). Since
the underlying household utility functions are assumed to be
additive, the matrix of uncompensated own price (n..) and cross
price (n-k) consumer demand elasticities were obtained from- 36 -




Where w is the Frisch parameter and o• are household budget
shares calculated from the 1977 input output table. The estimate
of w (-2.525) was obtained using the relationship between per
capita GDP and Frisch parameter values estimated by Lluch,
Powell and Williams (1977).
y- Reciprocals of the foreign demand elasticities for Chilean
export commodity i. For all commodity categories except copper,
the "small country" assumption was approximated by. assigning
a small value (0.05) to the respective y. 's. For copper, a value
of 0.5 was used. This value is based principally on the world
price elasticity of demand for copper and the Chilean share in
world copper exports.
Q- Industry investment parameters. Q. is the ratio of the gross
(before depreciation) to the net (after depreciation) rate of
j- • return in industry j. B. is the reciprocal of the elasticity
T. of the expected rate of return schedule for industry j times
the ratio of its gross investment to its following year capital
stock. T. is the share of total investment accounted for by
industry j. T. was obtained from the 1977 Chilean input-output
table. Q. and B. are judgemental.
iK . Respectively the share of aggregate employment accounted for by
occupation q and the share of the economy's aggregate capital
2j stock in industry j. The percentage share of skilled (52.2) and
unskilled (47.8) workers was obtained from Republica de Chile,
encuesta nacional del empleo. Values for \p~ . were calculated
by using information given in the 1977 Chilean input-output
table.- 37 -
Table A3 continued Coefficients of the Chilean Model
S
c Respectively the shares of GDP accounted for by aggregate con-
S. sumption, investment, other (mainly government) domestic, export
2 and import demand. The shares, which sum to unity, were ob-
g tained from the 1977 Chilean input-output table.
Sc
Sm
S(is)i Shares of good i from source s (domestic or imported) in indus-
try j's purchases of i for current production (1), and capital
(2) sti<=\-\ creation (2). Obtained from the 1977 Chilean input- output table.
vis; j
S. Share of the value of good i from source s in the total purchases
of good i by households. Obtained from the 1977 Chilean input
output table.
S . Respectively the share of primary factor v in the total primary
s factor costs of industry j and the share of labour by occupation
'^'^ q in industry j's total labour costs. Obtained from the 1977
Chilean input-output table.
H,. . . Respectively the shares of industry j's production costs re-
11S) j
p presented by intermediate inputs of good i from source s, labour
H
1 / q, j inputs of occupation q,fixed capital,land, and net indirect





B(i1)i Respectively the share of the total sales of domestic good i
B(2) absorbed by, inputs to industry j for current production (1)/
/3> •* and for capital creation (2), by households (3),exports (4),
i1 and other (mainly government) demands (5). Obtained from the
B^' 19 77 Chilean input-output table. "
B(5)
B- 38 -
Table A3 continued Coefficients of the Chilean Model
B(i2)i Respectively the share of the total sales of imported good i ab-
B(2) sorbed by, inputs to industry j for current production (1) and
/t) f°r capital creation (2), by households (3), exports (4),and
(i2) other (mainly government) demands (5). Obtained from the 1977
B|2 . Chilean input-output table.
B1 . Share of the economy's employment of occupation q accounted for '»4/ J
in industry j, and cost share of labour of type q in the econo-
g
1/q my's total labour cost respectively. Obtained from the 1977
Chilean input-output table.
S. Share of aggregate other demands accounted for by other demand
for good i from source s. Obtained from the 1977 Chilean input-
output table.
Mi2 The share of total foreign currency costs accounted for by
„ imported good i (M.o), the share of total foreign currency
i1
export earnings accounted for by exported commodity i (E.J,
M
the aggregate foreign currency value of imports (M), and the
E aggregate foreign currency value of exports (E). Obtained from
the 1977 Chilean input-output table.
W. Expenditure weight of good i from source s in the model's index
of consumer prices. Obtained from the 1977 Chilean input-output
table.- 39 -



































































































A set of 2g + (g-1) + h + 1 exogenous variables is common to
all experiments, h + g + 4 further variables are specific for
each experiment.
1) For variables labels see Table A2.
2) The model is allowed to explain exports for the major export
commodities, i.e., those whose sales pattern is sucn that
their domestic prices can be regarded as being set by
their corresponding world prices. For other commodities,
exports are determined exogenously with the model endoge-
nising the corresponding export subsidy/tax variable.(Note
from (13) that if vi is exogenous then pjj will tend to
move with pf. If v^ is endogenous then p^j will move inde-
pendently of pf).